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W hat is claimed is: 
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] . A method tor determining a geometric proper!} of a lest object, the method 
comprising: 

mtcricromctrically profiling a first surface of the test object with respect u> a lir a 
datum surlaee: 

lnterfcromctrically profiling a second surface of the test object m a second coordinate 
s\Ntem with respect a second datum surface different from the first datum surlaee: 

providing a spatial relationship between the first and second datum >uri:icc-; ami 
calculating the geometric property based on the intericrometricalb profiled surlaees 
and the spatial relationship between the first and second datum surfaces. 

2. The method of claim 1. w herein the interierometrie profiling of the first surlaee 
provides a distance to each of a plurality points on the first surface from a corresponding 
point on the first datum surlaee. 

3. The method of claim 2. w herein the interierometrie profiling of the second suriac 
provides a distance to each of a plurality points on the first surface from a corresponding 
point on the first datum surlaee. 

4. The method of claim 1 . w herein the first datum surface is a portion of a plane. 

5. The method of claim 1. w herein the first datum surface is curv ed. 

(). The method of claim 1. w herein the first datum surface has a structured protile. 
7. The method of claim 1. w herein the first surface is spaced from the second 

surface. 




X. I he method of claim 1. wherein the first and second surfaces correspond to 
opposite faces of the test object. 



VitorilCV S 1 )od\C 

v iicnl's kef. No. 



o. I he method of claim I. wherein llie lirsl and second surfaces correspond to 
adiacenl laces of the lesl object. 

Id. 1 he method of claim 1. wherein the first and second surlaccs are adjacent lace 
separated In a step height. 

I 1 . The method of claim I . wherein the first and second surfaces are displaced Irom 
one another bv a distance greater than a range of the mterferoniclnc profiling of the hrst 
surface and greater than a range of the interferometric profiling of the second surface. 

12. The method of claim 1. w herein the interlerometric profiling of the first surlaee 
comprises directing electromagnetic radiation to the first surface along a first direction and 
die mlciTeromctnc profiling of the second surface comprises directing electromagnetic 
radiation to the second surface along a second direction different Irom the first direction. 

13. The method of claim 1. w herein the interferometric profiling of the first surface 
comprises positioning the test object relative to an interferometry system and the 
inierfcromeinc profiling of the second surface comprises repositioning the test object relative 
to at least one component of the interferometry system. 

14. The method of claim 13. wherein the repositioning of the lest object relative to 
the interferoinetry system comprises moving the test object. 

I 5. The method of claim 13. wherein the repositioning of the test object relativ e to 
the interferometry system comprises moving the at least one component of the inierleromeirN 
s> stem. 

|(>. The method of claim 1. wherein the relationship between the first and second 
datum surfaces is helmed by a distance between corresponding reference points on the first 
and second datum surfaces and two angles defining a relative orientation of the first and 
second datum surfaces. 
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1 7. I he method of claim 1 . further comprising determining the spatial relationship 
between the first and second datum suriaccs. 

] X. I he method of claim 1 7. wherein determining the relationship between the first 
and second coordinate s\stem comprises: 

mterierometricalK profiling a first surface of a reference object w ith respect n» tiie 
fust datum surface: 

interferometrically profiling a second surface of the reference object with respect to 

the second coordinate system: 

providing at least one calibrated dimension for the reference object: and 

calculating the spatial relationship between the first and second datum surfaces based 

on the profiled surfaces and the at least one calibrated dimension. 

I'-). The method of claim IS. further comprising selecting the relerence object 
according to approximate dimensions of the test object. 

20. The method of claim 1 . further comprising determining the spatial relationship 
between the first and second datum surfaces based on at least one interterometric 
displacement measurement. 

21 . The method of claim 20. further comprising determining the spatial relationship 
based on at least one interferometric distance measurement and an initial calibration. 

22. The method of claim 20. further comprising adjusting at least one of the first and 
second datum surfaces to accommodate the interferometric profiling of the first and second 
surfaces of the test object and interferometrieally measuring the adjustment of the at least one 
m ft lie first and second datum surfaces to determine the spatial relationship between the lust 
and Nccond datum surfaces. 

23. The method of claim 15. further comprising interferometrically measuring the 
movement of the at least one component of the interferometry system to determine the spatial 
relationship between the first and second datum surfaces. 
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24. The method ofclaim 1 7. wherein the determining of the spatial relationship 
comprises; 

micrfcrometricalh profiling a first surface of a initialization artifact wiiii respect M 

i lie first datum surface: 

inierierometrieallx profiling a second surface of the initialization artilaet with roped 

lo the second datum surface: 

calculating an initial spatial relationship between the first and second datum siiriaees 
hased on at least the profiled surfaces of the initialization artifact: 

adjusting the first and second datum surfaces to accommodate the first and second 

.surfaces of the test object: and 

micricromctricail) measuring at least one displacement corresponding to the 
adjustment of the first and second datum surfaces. 

25. The method ofclaim 24. wherein the first and second surfaces ot the 
initialization artifact are the front and back of a common interlace. 

26. The method ofclaim 24. further comprising providing at least one calibrated 
dimension tor the initialization artilaet. and wherein the calculation of the initial relationship 
is hased on the profiled surfaces of the initialization artifact and the at least one calibrated 
dimension. 

27. The method ofclaim 1. wherein the geometric property is flatness of the test 

object. 

28. I he method ofclaim 1 . wherein the geometric properly is thickness of the test 

object. 

29. The method ofclaim 1. wherein the geometric properly is parallelism of the test 

object. 



."(). I he method ofclaim 1. wherein the geometric property is a step height 
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\\_ |hc method ol claim I. wherein the geometric property is angular orientation oi 
ihc lirst surface ivlali\ c lo ihc second surlaccs. 

V. I hc method of claim 31. wherein the geometric properh is perpendicularity ol 
ihc first and second surfaces. 

AT The method of claim 1. w herein the geometric propcri\ is roundness o! live ! ■ : 

oh|cct. 

.U. I he method of claim I. wherein the geometric property is ,k\uwd b\ positions in 
a common coordinate sysiem of a plurality of points on the first surface and a pluraln\ ol 
points on the second surlace. 

35. The method of claim 1. w herein the interferomelric profiling of at least one of the 
lust and second surfaces comprises performing scanning, white light intciTeromein . 



36. The method of claim 1. w herein the interferomelric profiling of at least one of the 

lirst 



and second surfaces comprises performing infrared, scanning interferomelry. 



37. The method of claim 1. wherein the interferomelric profiling of at least one ofthe 
first and second surfaces comprises performing scanning Ml.NA inierferometr> . 

3S. The method of claim 1. wherein the interferomelric profiling ol ai least one ofthe 
lust and second surfaces comprises performing scanning- gra/mg-incdencc inicrfcromciry. 

3v>. The method of claim 1. w herein the interferomelric profiling of at least one ol the 
lirst and second surfaces comprises performing multiple wavelength inicrfcrometn . 

40. An apparatus for determining a geometric property of a test object, the apparatus 
comprising: 
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means for intcrfcromctricall\ pro filing a first surface oi the lest object w itli res peel to 
a first datum surface: 

means for interferomctrically profiling a second surlace o! the test object with respect 
lo a sccoikI datum surface different from the first datum s\ stein: and 

means for calculating the geometric propcru based on the intcrlcromctricaii\ piv-i;lco 
surfaces and a spatial relationship between the first and second datum surlaces. 

41 . The apparatus of claim 40. further comprising: 

means for determining the spatial relationship between the first and second datum 
surfaces. 

42. .An apparatus for determining a geometric property of a test object, the method 
comprising: 

an interlerometric profiling system which during operation interleromctncally 
profiles a first surlace of the test object w ith respect to a first datum surlace and 
mterlerometricalK profiles a second surlace of the test object w ith respect to a second datum 
surface different from the first datum surface: and 

an electronic processor coupled to the interlerometric profiling system, wherein 
during operation the electronic processor calculates the geometric propcm based on the 
inicrferometrieally profiled surlaces and a spatial relationship between the first and second 
datum surlaces. 

43. The apparatus of claim 42. w herein the interlerometric profiling system includes 
a mount for supporting the test object, wherein the mount is adjustable between a first 
position lor exposing the first surface of the test object and defining the datum surlace and a 
second position for exposing the second surface of the test object and delining the second 
datum surface. 

44. I he apparatus of claim 42. wherein the interlerometric profiling system 
comprises an interlerometric optical profiler having a first viewing port for \ icw mg the tirst 
surlace of the test object and a second viewing port for viewing the second surlace oi the lest 
ohieel. 
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45. I 1 1 c apparatus of claim 44. wherein the optical protilcr comprises a lirM earner;, 
positioned to record a field of \ lew lor the first \ lew mg port and a second camera positioned 
to record a field of \ tew lor the second \ lew ing port. 

4o. The apparatus of claim 44. wherein the optical profiler comprises a camera 
positioned to record a split field of view lor the first and second viewing ports. 

47. The apparatus of claim 44. w herein the optical profiler comprises at least one 
source of f.M radiation. 

48. The apparatus of claim 47. wherein ihe optical profiler further comprises a first 
optic positioned to direct a first portion of the HM radiation tow ards the first viewing port 
and a second portion of the HM radiation tow ards the second viewing ports. 

40. The apparatus of claim 4<S. wherein the first optic is a beam splitting optic 
positioned to relleet the first portion of the f Yl radiation towards the first viewing port, 
rellect the second portion of the HM radiation towards the second viewing port, and transmit 
at least one additional portion of the incident HM radiation through the beam splitting optic. 

50. The apparatus of claim 49. w herein the optical profiler further includes a 
reflective reference surface positioned to receive the at least one additional portion of the 
incident HM radiation transmitted through the beam splitting optic. 

51. The apparatus of claim 50. w herein the optical profiler further includes a 
transducer coupled to the reflective reference surface for scanning the position of the 
reflective reference surface. 

52. The apparatus of claim 40. wherein the optical profiler further comprises a inv, 

\ icwmg port optic supported by a first movable stage, the first viewing port optic positioned 
to direct at least one part of the first portion of the I'M radiation towards the first siirlacc oi 
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U,c lest object and the llrM moxable static adjusiabic to accommodate the micrlcromcm, 
profiling of the first surtacc of the test object. 



c apparatus of claim 52. wherein the optical profiler further comprises a 
,.cond viewing port opt.c supported b> a second movable s,agc. the second x lew m, port 
optic positioned to direct a. least one part of the second portion of the IM radiation ,oward> 
,hc second surlace of the test object and the second movable stage adjustable to 
accommodate the mtcrferomelr.c profiling of the second surtacc of the test object. 

54. The apparatus of chum 52. t herein the first reflective opt.c is a roof mirror. 

55. The apparatus ol'claim 52. wherein the optical profiler lurther includes a ii,M 
|oUI mirror for further directing the at leas, one par, of the first portion olThe IM radiauon 
towards the first surface of the test object. 

56. The apparatus of claim 53 further comprising a displacement measuring 
interferometer positioned to measure changes in the spatial relationship between the llrst and 
second datum surfaces caused by at least one of an adjustment to the llrst mov able stage and 
an adjustment to the second movable stage. 

57. The apparatus of claim 42. wherein the mterieromelnc profiling system 
comprises a llrst mterferometne optical profiler lor view ing the first surface of the test object 
alld a second mterferometne optical profiler for viewing the second surface of the test object. 

58. 1 he apparatus of claim 57. wherein the first optical profiler is movable relam c u 
,hc second optical prolller to adjust the spatial relationship between the Mrs, ana ,eco,K. 
datum surlaces. 

5* I he apparatus of claim 58. further comprising a displacement measuring 
interferometer positioned to measure changes in the spatial relationship between the firs, a,K 
.ccond datum surfaces caused by relativ e movement of the first and second optical profilers. 
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on. 1 he apparatus of claim 42. wherein the interferometric proliling -a sicm 
comprises a moveable static adjustable from a first position defining the first datum surlace 
io a second position defining the second datum surlace. 

of I he apparatus of claim 42. lurthci comprising a gauge object having iirst and 
second surfaces, the first surface being positioned to be profiled b\ the mlericmmclric 
profiling s\ stem with respect to the first datum surface and the second surlace being 
positioned to be profiled by the interleromelnc profiling system with respect to the second 
datum surface. 




02. The apparatus of claim 01 . w herein the electronic processor determines the 
spatial relationship between the first and second datum surfaces based on intei ferometric 
profiling measurements of the first and second surfaces of the gauge object provided b\ the 
first and second optical profilers. 

03. The apparatus of claim 01. w herein the gauge object has at least one calibrated 
dimension and wherein the electronic processor determines the spatial relationship between 
the first and second datum surfaces based on interferometric profiling measurements ot the 
first and second surfaces of the gauge object provided by the first and second optical profilci 
and the at least one calibrated dimension. 

64. 1 he apparatus of claim 61. w herein the gauge object is positioned to be in a tief 
of view of the interferometric profiling system during interferometric profiling of the test 
object. 

05. An apparatus of claim 42. further comprising a displacement measuring 
interferometer positioned to measure the spatial relationship between the lirst and second 
datum surfaces. 

06. I he apparatus of claim 42. wherein the electronic processor uses at least one 
\alue indicative of IVOR dispersion in the interferometric profiling s\stcm and the test 
object to calculate the geometric property. 
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67. An apparatus tor determining a geometric property ol a test object, the apparatus 
comprising: 

an interferometric profiling svstem which during operation mterfcroniciricalb 
profiles a first surface of the test object with respect to a first datum surface and 
iiUerlerometricalK profiles a second surface of the test object with respect to a second datum 
surface, wherein the interferometric profiling svstcm comprises at least one movable static 
lor adjusting the position of the first datum surface and the second datum surface: 

a displacement measuring interferometer positioned to measure a change in a relative 
position of the first and second datum surface caused by an adjustment to the at least one 
mo\ able stage: and 

an electronic processor coupled to the inlerlcrometric profiling system and the 
displacement measuring interferometer, wherein during operation the electronic processor 
calculates die geometric property based on the interferometrically profiled surfaces and the 
relative position of the first and second datum surfaces. 

68. The apparatus of claim 67. wherein the interferometric profiling system 
comprises a second moveable stage, and wherein during operation the first-mentioned 
movable stage adjusts the position of the first datum surface and the second movable stage 
adjusts the position of the second datum surface. 

69. The apparatus of claim 67. w herein the at least one movable stage comprises a 
first movable stage adjustable from a first position defining the first datum surtace to a 
second position defining the second datum surface. 

70. I he apparatus of claim 67. wherein the displacement measuring interferometer 
prov ides multiple axes of measurement. 

71 . The apparatus of claim 67. w herein the interferometric profiling sv stem is a 
scanning interferometric profiling system using infrared wavelengths. 
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72. \ method for determining a geometric propertx of a test object, the method 
comprising: 

profiling u il l st surface of the test object in a first coordinate s\stem: 

profiling a second surface of the test object in a second coordinate system dilterent 
from the first coordinate system: 

determining a spatial relationship between the tirst and second coordinate Ostein 
based on at least one mterferomctnc distance measurement: and 

calculating the geometric property based on the profiled surtaces and the rclaiionshu 
between the first and second coordinate system. 

73. A method for determining a geometric property of a test object, the method 
comprising: 

interferometrically profiling a first surface of the test object with respect to a tirst 
datum surface: 

interferometrically profiling a second surface of the test object w ith respect to a 
second datum surface different from the first datum surface: 

determining a spatial relationship between the iiUerferometrieally profiled surfaces 
which accounts for KOR dispersion: and 

calculating the geometric property based on the interferometrically profiled, surlaces 
and the spatial relationship. 

74. The method of claim 1. wherein the test object is partialh transparent. 

75. The method of claim 74. w herein the geometric property is determined b\ 
positions of a plurality of point on a front surface of the test object relative to positions of a 
plurality of points on a back surface of the test object 

7(>. I he method of claim 1 . wherein the first and second surlaces oi the lest object 
are interferometricallv prollled from a common side and the lirst and second datum sui laee 
are spaced from one another b> a distance greater than a profiling range ij of an 
inlcrferometrv system used for the interferometric profiling steps. 
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77. The method of claim 7(>. wherein the inlerfcrometn system used tor the 
mlerlerometnc profiling steps comprises a reference object having a partialis reflective, first 
Mirtace and a reflective, second surface, the first surface delimit the first daium surlaee and 
the second surface dclming the second datum surface. 

7<X. I he method ot claim 77. wherein the relationship is defined h\ the spatial 
separation between the first and second surfaces of the reference object. 

7sf An optical profiling system comprising: 
10 a broadband source: 

a scanning interferometer which during operation directs a first wavefront aloiiLi a 
reference path including a partiallx reflective first surface and a reflective second surface and 
a second wavefront along a measurement path contacting a measurement object, and. alter 
the second wavefront contacts the measurement object, combines the wavefronts to produce 
I 5 an optical interference pattern; 

a detector producing interference data in response to the optical interference pattern: 
an electronic processor coupled to the detector for analyzing the interference data 
a scanning controller coupled to the scanning interferometer and the electronic 
processor, w herein during operation the scanning controller causes the scanning 
20 interferometer to adjust the position of the first and second surfaces. 

80. The interferometry system of claim 79, wherein the partially reflective first 
surface of the scanning interferometer defines a first datum surface and the reflective second 
surface defines a second datum surface, and wherein during operation the electronic 
25 processor calculates a geometric property of the test object based on the interference data and 

a relationship between the first and second datum surfaces. 
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